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(54) {Title of the hivention} Quality Inspection Method for Use During Tube Expansion 

(57) (Summary} 
{Problem} 

To offer a quahty inspection method for expanded tubes whereby the occurrence of quahty aberration 

{Solution} An AE sauwr 10, which detects steel tube vibnitioiis during tube expansion occmrinfi as a 
jAe e^ansion mandrel 20 moves through the interior of a steel tube 30, is sSTgS^sSe! 
S^^iiiSTr?."*/' ^^^^ amplitude, the number of increies in th7>S^o7siS 
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[see source for diagram] 



{Scope of Patent Claims} 

(Claim 1} A quality inspection method for use during tube expansion, characterized in that an AE 

r^'t te s22.tTT ".K ""^^ ^'^J is situated 

ajunst die steel tube and when tube expansion occurs as a tube expansion mandrel moves through 

Ae mtenor of the steel tube, mcreases in the AE sensor signal amplitude, the number of ina««s in 
™ Tt'^'^' " ^^"^ i"^"^^^ in AE sensor signal amJS^ 

d^Te':;^:dtlfbasf oft^^^ " ^ aforementioned^eel £be . 

{Claun 2) Jlie quality inspection method for use during tube expansion according to Claim 1 

^SSS; "^i*' ""^^ 1*' r'*^ ^ - detet^ed bLd oTtl^J 

map^hide of the AE sensor signal ampUtude. the number of incieases in AE seizor signal amplLde 
or the tune of mcrease m AE sensor signal an^)Utude. ^ ampuiuae 

iSS^ ^- ^ T^^ infection method for use during tube expansion described in Claim 1 or 2 
characterized m that the AE sensor signal that is detected during tube expansion is ai^MedL a t^te 
expansion mandrel moves through the interior of a steel tube and the level of fhT^fil-l . a 

% «lr 'jSjuSr ^^'''''^ " ^ '^"^ « ^-^"^ ^cl^e Z 

{Detailed Description of the Invention} 

{0001} 

{Prior Alt} fa the past, the tube expansion of long tabes formed from steel has been carried out ,.«ina 
dStheX"' ^'^'^ "^"^^ sJch as cmcks are pKS" in steel tubes 

™mp>,,Llys„JS^Site^thnLT^k — °"' a Bite „ilh a 
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mspect expanded steel tubes using this conventional method, it is difficult to situate the inspection 
device at the outer wall surface of the steel tube, and is also difficuU to move the mspection device ui 
the lengthwse direction along the outer wall of the steel tube because the tube has been laid 
underground. ConsequenUy, it has been necessary to inspect the tube by moving the inspection device 

the total len^ of Ae tube can be as long as several kilometers, so there have been extremely difficult 
mdS" aberration inspection over the entire length of a steel tube using conventional 

{0006} 

iSlr" '° Invention} TTie problem to be solved by the present invention is that of 

ofFomg a quality inspection method used at the time of tube expansion, whereby quality abenations Z 
steel tubes can be evaluated with the inspection device in a stationary condition durSX^Ste 
e^ansion process for the steel tube, whereby an occurrence or degT^f^uality aS,n L b^ 
determined at a site that is removed fiom the quality ir^pection device. aS whereby Zli^ 
ab^dons m sard steel tube can be detected almost simultaneous to their occu;icnce ^ ^ ^ 

{0007} 

{Means for Solving the Problems} The gist of the present invention used in order to solve these 
probl«ns relates to a quality inspection method used during tube expansion wherein an AE sensor for 

tabe and when tube expansion occurs as a tube expansion mandrel moves through the^terior of the 
T1^^\^T^^^ ^ ^ of increasSin the ^ ^ 

S ^ ' °' ""^"^ *^ " AE sensor signal amplitude occur. 

"'dtt^TeS^ " aforementioned steel ^be is determined 2 LlSl S 

{OOm} By means of the quality inspection method used during tube expansion pertaining to the 

^UrTl ?S ^ rTu" ^"'"^^ ^ trough 

ZJ^Sr ^ T by an AE sensor situated on the steel tube, and qualS 

l^Z^mStil.t:rr''r\^'''' ^ ™ aforementioned^^ 
SL T''^' '"'^"^ ^"^^'^^ aforementioned AE sensor signal 

7^fi^^ T^ " ^'^^ in amplitude o?S,e 

aforanentioned AE sensor signal occurs is longer dm a predetermined time. 

{0009} In addition, as witii the invention described in Claim 2. when the degree of quality aberration 
^ZTT^ ''H '^''"'^^ based on the r;iagni.ude of SS^iS^^S^" 

si^al amplitude, tiie number of mcreases of AE sensor signal amplitude, or tiie time of the kSSk 

^tJ^ tlfl "'^^ aforementioned quality abSSS 

.J ''"^•^ ^^'^^^ °f aforementioned steel tiil^ can beSS<S 

f^wJLT^ ^^'^"'"'^''""^"•"AEsensoramplitude. ^ 

■he vitofcns B«,=Sd S wb? » S ^ ""^S with i™ismissi<m of 
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{0012} Employing the change in degree of amphfication in accoidance with a continual increase or 
contmual decrease in output amplitude from the AE sensor means that the change in tube exSon 
amphtude m a region m which the output amplitude of the relatively stable AE senTorSees 

S; f? Tu 4reme„to^ned^,iSfon 
1™ H H ^ ? J discontinuous change in amplitude, as with changes in AE seSor S 
Z» of abenation. By excluding these ilgions of discontiSS^ 

ifLT?"' ""/"^^ ''^ °" '^'^g* in AE sensor signal amphtude. Z 

Aat even if the AE signal amphtude mcreases or decreases over time during the ^serSn periS 



{0013} 



{BmboAments of die InvenUon} Desirable embodiments of the present invention are described in 
deuul below m reference to the figures. Figure 1 is a schemati? constitutional diagt^nSTf^ 

^^Lr""""^^ ""^"^ "^^^ *"be expansion^teTm^s 

P«teinmg to the pre^nt mvention. A long tube 30 is shown in cross section. Said long tube 3oTa 
nibe produced by weldmg relatively short steel tubes 30a, 30b. 30c_. at weld regions 31. 31b li Ae 

f^^^J? '"^^^ "^^^ "''"^ ''"^ ^ «"bes continue downwards " 
{0014} The tube expansion mandrel 20 has a cylindrical nait anH a tanAr-H — u u 

dt^T^f f^^i •''"8 ^''^ in a radial diSn 

due to the aforementioned tapered part, thus expanding the aforementioned long tube 30 TO^ yS 
sen«>r 10 is situated m contact with the outer waU of the long tube, and tSe Sn! at saW oulf 
««fece are comrerted mto signals as the aforementioned tube expan;ion is taking^S. SaS siSs 
are ou^ut to an mspection device main unit 100 to which it is comiected. ^ 
IS a control block diagram showing an example of the signal processing structure in 

conparattvep^ 
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{0020} The quality inspection device unit 100 shown in (b), as can be seen from the figure has a 

consbtutog the quahty uKpection device shown in (a) above. The pulse counting processor 104 is 
connected to die comparative processor 103 and the notification means 110. Tie number of the 

Jl^ X ^ ^ comparative processor 103 is 

calci^atejand when this number reaches or surpasses the number ftat has been previously set. a 
"^'^ Ais case, a quality aberration occEiJ^SgSl is 

°2,n'!?'" "T*^ of occurrences of high value generation sigiis is 2 or greater ^ 
{002 } ConsequenUy, when quality inspection is carried out with a quality inspection device unit 100 
constituted as "Seated in (b). the signal from the AE sensor 10 is relT^d r^S^d ^ 
anjhmde « objaned. When the signal amplitude from die AE sensor M) exceerSe ai;<rtiin 

{0022 In addition, m tins case, tiie pulse counting processor 104 transmits the nmnber of hil^ue 
generajon signak to tiie notification means 110 in addition to the aforementioned quality aSiSon 
generation signal. TTie notification means 110 should be constituted in such a mamie^Z nSo^ 
IS made regardmg the .occurrence of quality aberration, and the degree of quahhTal^mtiori; 
accordance wiA the number of high value generation signals. For SnJ e.^Se ItT^^ 1^ 
constituted so tiiat die number of high value generations itself is made buTb tiuTL^ 

3 nSZ T? ""S*";" *^ ^^^'^tion is made wh^Ae .^Il^J sTo; 

3 notification mdicatrng "moderate" is made when the number is 4 or 5, and notification ind itine 
high is made when the number is 6 or greater. "wuiiwuion inaicawig 

Stor^Tr^A ^'^'^ '^'^^ " ^ ^"^^ "Pon by adding a peak 

pS^r lOlld o-Ztt "r^°" '"^'''''^ " ^"'P" fro™ Ae'absolme ^2 

fS?^ and output from the comparative processor 103 is input into the peak value detector 
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{0027} Thus, the notification means 110 performs notification of a quality aberration occurrence and 
degree of quality aberration based on the length of the aforementioned high value generation signal. 
For example, notification may be made as to the length of the aforementioned high value geneiation 
signal Itself, but in this case, notification is made as to the results of determination based on "high", 
"moderate" or "low" in regard to the degree of aberration determined based on the length of the 
aforementioned high value generation signal period. 

{0028} When quality inspection is carried out with the quality inspection device unit 100 constituted 
as shown in (d), the direct current con^nent is removed from the AE sensor 100 signal, and the time 
for vrtiich the envelope intensity of the rectified signal exceeds the aberration decision standard value 
IS calculated. If said time is longer than the detennined time period, then sound or display is used in 
order to make a notification regarding quality aberration and the degree of quality aberration 
deternuned based on the time that the envelope intensity exceeded the abenation decision standard 
value ThI. ^ 

{0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the 
processors is shown in common for Figure 2a, 2b and 2c. SpecificaUy. Figure 3 shows the waveforms 
outputs at each part of the quality inspection device unit 100 when a quality abenation has occuned at 
flie connection 31b during tube expansion, for the quality inspection system shown in Figure 1 
whereas (a) shows the output signal for the AE sensor 10, (b) shows the output signal for the absolute 
value processor 101, and (c) shows the output value for the conq)aiative processor 103. 
{0030} -Die waveform shown in (a) will be described in sequence. When the tube expansion process 
IS imtiated with advancement of the tube expansion mandrel 20 at time to, vibrations are generated via 
aeoustic emission (AE) arising due to plastic defonnation, etc.. occurring with tube expansion and 
vibrations arc generated due to fiiction between the long tube 30 and the tube expansion mandrel 10 
as advancement occurs (these vibrations are referred to in combination as "tube expansion 
vibrations ). When there is no aberration in quality, the tube expansion vibrations give a 
comparatively weak elastic wave. ConsequenUy, for the period extending from time to to time t, 
during tube expansion of the steel tube 30a, a signal waveform having a comparatively small 
amplitude is output by the AE sensor 10. » f / 

{0031} Next, during the period from time t, to time tz in which tube expansion of the weld 31a 
occnrs^id weld region 31a has been welded by mechanical joining, diffusion welding or welding so 
Its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expai^on 
mandrel 20 slows, and the aforementioned mbe expansion vibrations give vibrations of even weaker 
^htude. At this time, the AE sensor 10 outputs a signal waveform for vibrations that are smaller 
from time to to time t,. During the time from tj to tj m which the steel mbe 30b expands, the AE 
sensor 10 output? a si^al waveform with a comparatively weak amplitude as with the time period 
irom time to to t| described above. 

{0032} When there is a crack generated during tube expansion of the connection 31b, the energy 
eimnates from the crack, and an elastic wave with a comparatively lai^e amplitude is produced iS 
tube expulsion vibrations that include said elastic waves are detected by the AE sensor 10. and during 
Uie penod from time tj to time t4, a signal wavefonn with a comparatively large amplitaide is output 
Subsequaitly. as shown m the figure, the AE sensor 10 outputs a signal waveform that hi a 
comparatively smaU ampbtiide from time t, to time tj during faibe expansion of the steel tube 31c as 
^wn m the figure. Then a signal waveform with an even smaUer amplitude is output from time t, to 
toe W during expansion of the next weld region thereof not shown in the figure 

^ 1"*"* waveform from the absolute value processor 101 is the absolute value 
C component of the AE sensor output shown in 

£ P^duemg die wavefom. shown in (b). h addition, the comparative processor 103 compares 
the output signal from the aforementioned absolute value processor 101 with the aberration decision 
sundard value THI set ^ described above, and a "Hi" signal is output when the valTrsTa^JZ 
s^dLTSe. ' ""''^ ' smaller In S 

"^^^ *^ °^ ^ ^''o'"^ ^'"e processor 101 shown in (b) is 

input, the comparative processor 103 outputs the waveform shown in (c). During the time from time to 
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to time t3, the output remains "Lo" because there is no input from the absolute value processor 101 
that is higher than the aforementioned aberration decision standard value THl. Next, because a crack 
IS generated in the time period from time tj to t4, a signal having an amplitude that is larger than the 
aforementioned aberration decision standard value TH, as shown in (b) is input, and pulses PI to P3 
are output dunng the time period from time tj to t« in (c). Subsequently, there is no output that is larger 
than the aforemaitioiied standard value THl during the time period from time t« to tj, and so the value 
remains "Lo". 

/ w^Uf^-* respective quality inspection device units 100 having the consHmtions described in 
(aHc)of Figure 2, the following types of processes are carried out based on the output signals shown 
m (aHc) of Figure 3. With die quality inqjection device unit 100 shown in Figure 2(a). a "Hi" pulse is 
output from the comparative processor 103, and an aberration generation signal is output to the 
nouflcation device 110, so that notification of an occurrence of an aberration is made by the 
notification means 110. , ' 

{0036} With the quaUty inspection device unit 100 shown in Figure 2(b), the number of pulses output 
from the comparauve processor 103 is 3. and because this corresponds to 2 or more occurrences 
noUfication IS made regarding an indication of quality aberration. In addition, notification is also made 
regardmg the degree of quality aberration corresponding to a pulse number of three for the hieh value 
Signals. ^ 

{0037} In the quality inspection device unit 100 shown in Figure 2(c), the peak value detector 107 
produces three outpute of "Hi" signals from the comparative pixKessor 103. and so peak values PKl 
through ?K3 of the absolute value processor 101 output are delected during the pulse generation time. 
Consequently, an aberration occuirence signal and signals representing the peak values PKl to PK3 
are sent to the notification means 110. The notification means 110 then makes notification, via sound 

oo~Z^!l' . *^ °f ™^ °f aberration, and the degree of the quality aberration 

correspondmg to the aforementoned peak values PKl through PK3. 

{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for 

Z ^l fT^": " ^' ^ifi<^»"y. represents the wavefoSToutput at ^h o^ 

Ae parts of the quality mspection device unit 100 when there is a quality aberration at the comiection 
?i hibe expansion carried out by the quality inspection system presented in Figure 1. whereas 

(a) r^resente the output signal of the AE sensor 10, where this waveform is similar toAat if Fig,^ 
3(a). Here (h) represents flie output signal of the absolute value processor 101. where this waveform 

(0039} The quality mspecUon device unit 100 having the constitution of (d) in Figure 2 detects 
quality aberration m the following mamier based on the signals presented in Figi^ 4.T^atrk 
envelope mtcxusity u» determined by the pulse width determination part lofand the coZ^vS 
processor 103 and when the time during which said envelope mtensity is greatS^TTfte 
aforemenuoned aberration decision standard value Thl (time over'which the compSSve preL^ 
IW outputs the aforem«itioned high value generation signal; represented by T inTRg^)^^ 
^'/r^r^^ tmie. an aberration generation signal and a signal thatl^miteTe 
aforonentioned tmie T is sem to the notification means 110. TTie notification means 110 thenmakts a 
nodfic^tion. via sound or display, as to the occuirence of quality aberration. andTe cfc^^fTStJ 
aberration corresponding to the aforementioned time period T we ciegree or quauty 

KIJS it"" T*™- "'^'^ a processing system example that is different 

from the steel tube quality mspection device presented in Figures 2(a)-(d) The AE sensorufTc 
attached to the aforementioned long tube 30.'and surface ^^oS fiS £ ^"^30 
converted to signak that are output The absolute value pn>cessor 101 removes tSfdSS clSS 
rr^r of the AE sensor 10 output signal, and outputs L absolute value of tTe reLlt^siS 
the amphfication processor 105 and envelope detector 106 «»u'nng signal to 

i~ I5'i„TH'^?'^°° ^Tf^' ^ P"' *^ "^^^^ ^ ^»'«>'"t« value processor 101 
ou^ut. and m order to correct for attenuation of the elastic waves reaching the AE sensor at thk rinvT 

Z S:: t:rt^r r ^ "^^-'^ proportiort^tid^XtsSi^s 

any give tmK t, based on Uie output of the envelope detector 106. ConsequenUy; the level 5 
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amplification at inspection time ts is set at As/At using, as reference, the intensity As of the envelooe 
at time ts during the initial tube expansion period. 

{0042} The envelope detector 106 outputs a signal produced by canying out specified processing on 
the envelope that links each maximum of the ou^jut signals from the absolute value processor 101 
and this signal is transmitted to the amplification piocessor 105. As described in detail below when 
no aberrations arc being gciKrated during tube expansion of the main steel tube bodies 30a 30b 
30c..., the envelope is processed taking the amplitude of the AE sensor output as an index of the 
aforementioned amplification level conection. The result is output to the amplification processor 105 
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration 
decision standard value Th2 is set, which is the threshold value for determining the magnitude of the 
output signal amphtudes from the amplification processor 105. The aberration decision standard value 
wttmg part 102 automatically is set to a value found by multiplying the amplitude As of the output 
from the envelope detector 106 at time ts during the initial period of the tobe expansion process of 
said long tube 30 by a predetermined constant kj (where kz > 1). 

{0044} The aforementioned comparative processor 103 con^ares the signal input from the 
amphfication processor 105 with the aforementioned abenation decision standard value Th2 and 
outputs a high value generation signal when the signal of the amplification prtjcessor 105 is grater 
than the abeiration decision standard value Th2. The notificatitm means 110 notifies the operator via 
sound or display as to the occurrence of quality aberration when the aforementioned high value 
generation signal has been input. ^ 
{0045} Figure 6 and Figure 7 are wavefomi diagrams that give a schematic presentation of the outputs 
f «>nfftutive processors shown in Figure 5. Specifically, the figures are output waveform 
diagraim for each of die constitutive processors shown in Figure 5 when cracks occur in the 
connection 32b along with tube expansion of a long tube 30 having the constitution shown in Figure 

{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations from the long 
hAe into signals by^the AE seizor 10. This waveform is the same as the wavefomi shown in Figur! 
3(a) and ^es smularly. Specifically, an amplitude signal Aat is comparatively small is output from 
time ^ to tone t, as tube expansion of the steel tube 30a is occurring, whereas 'ari amplitude signal 
v^veform that IS smaller than the wavefomi from time t„ to time t. is output over the S peSd S 
^.n. cT^ expansion of the weld region 31a occure. 

l^ l .^"''i;f^"^''y' °^t' "'"^^ *° ^« <l"ring which tobe expansion of the 

steel hibe 30b occurs, the AE sensor 10 outputs a signal waveform with an amplimde that is 

oeZSr? ; ''"'P"' 'o to t, above. D^g Ae 

^ ' "V" ^"^^ ^'"^^ "^""^g ^"ring tube expansion in the connection 31b a 

«^ wavefonn with a comparatively large amplitude is output. sGbsequenUy. a signal ^vefo™ 
with a comparatively small amplitude is output over the period from timS t, tot, du^whkh ^™ 
expansion offlie tube 30c occurs. A signal waveform with a small amplitude is 4ain outpur^vlr th^ 

{0048} The wavefomi shown in Figure 6(b) is the output signal from the absolute value processor 
01. and results from removing the direct current component of the output signal from die AE^eS 
10 »d performing absohite value conversion. The waveform represent by Ae sTd te in 
6(c) IS the output signal from the envelope detector 106. and is produced as a result of pro^sinL^ 

{0049} SpecificaUy. the penods from tmie t, to time t^. time t, to time t4. and time t, to time u are 

S abe^t?" 'Z'^S " ^l**' 31c.!! of the long mb^^^r 

when aberrabons are occurraig. TTie envelopes for these times produce the wavefomJreprciStSbJ 

Ss^tiTnt^? R r "^1' *^ -P-sented by said broken lin^ToTo^^t iJ 

fft^ *™tP;"°^ |^*'^. values mteipolated from the change in envelope intensity at a time Sfore 
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted 
value detennmed from Ae change in the envelope using the aforementioned standard exSeS a 
predetermined nuige. said predicted value is used instead of said actual value. Thus, the envelope 
mtensities during tube expansion in the weld regions and during quality abenation will be far outside 
Uie values predicted from the transition of the envelope intensity during tube expansion of the nuiin 
body of the steel tube, and so the aforementioned predicted valies are used insSd^of Ae 
mtensity at these times. «ivciwpc 

11!^^ V rS^ *^ ""'P"' *^ amplification processor 105. With regarf to the 

output the amplification processor 105 amplifies the signal shown in Figure 6(b) that is ouSm by the 
absolute value processor 101 by a degree of amplification that is inversel^^^^iionair^^eLt 
of the envelope detector output represented by the solid line in Figure 6^c)b order to correSfo^ 

Sfi^ r^"""^ "^"^S ^ A3 is se« m 'the figure! tLe £SL of 

amphficauon of the from the absolute value processor 101 is increased ^riifiSion 
processor lOS m accordance with the distance of the AE sensor fiom the site of mbfexZLtn ^ 

{0052} Figure 7(b) shows the output signal from the comparative processor 103 TTie comoLtive 
pjocessor 103 oujuts a "Hi" signal when the output of Ae amplification prc^eSr exS t^e 

wWrShTI '"^"^^ "^2. and thus outputs pJlse signall y to P3 

wluch are high vdue generation signals during the period from time t3 io t4. TTie notation mesuu 

Sptt'lS' rSc? ZTi^'T^ ""T^' ^ P^**^ aforementioned comparative 

afo.^liL?„iH J ? ^ aforemenuoned notification means 110, whereby the number of the 
aforementioned high value generation signals from the comparative processor 103 is coun^ TtS 
number IS then transmitted to the notification means 110. The nodfiLon ml^ 110 Zs renl^ 

Ttfrnrb^ss^u^^r^or^ 

■^fl'^I'^^f'S. 1» tfomn»lion«l >t«„fc„ decision ™lu. ThI 
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SUSirt' mandrel, so Aat the internal wall of the steel tube is pressed outwards in a radial 
du:ection by means of said expanding diameter rollers 

i^ZK^ll ''^J I^'^' 't^^^^ "^^^^ aforementioned abeiiBtion decision standard value 
modes are not restncted to the process represented in the embodiment, and the value may be seuo a 

^d" 'th^alHre"" j>f d^ermined when normal tube expansiS ^^^^g 

and the amplitude of the signal determined when quality aberration occurs. In addition in t£ 

^^T"^^""^'^ """""^ P«x^«« can beTa^Jed out t 

value processor 101 or the amplification processor 105 so that their outputs are convcited to dieital 

S^l QaLTSl^'' "T" °^ <I"^ty inspection method used during mbe expansion 

m,„H^ K ? P"^* "''P^'^" "^"^ ^* movement of Ae tube 

expansion nandrel. vibratons are generated at the site of tube expansion. When quality abenatioS 

previous ^d subsequent Ume points. By employing this increase, the invention has ^m^Sof 

SZ:LtSrf''°°r ^ ''^^^ °' ^"^•'^ ^'-"^^io" ^ tube «S.Son " u^ 

{0060} h addition, vibrations generated by tube expansion and by movement of the tube expansion 

^ nt ^"""''^ '""'^"^^ ^ ^ »t ^ location d^L^ fo>rSe 

where tube e^yansion k occuning. so that it is possible to perform quality inspection di^^nTt^Le 
expansion with the mspection device itself fcced at a specific location In adcE^Sre Ae 
merit that quality mspection can be carried out as thVlong steel hibe is rr^S^L 
Because the rate of transmission of said vibrations is extreilS? wh» ^S^^^Z 

dirr 'i'^^^^ " ^ »° <l«tcct the occurrence of JmlSX^tion an^ 

Aedegree of quality aberration nearly simultaneous to its occurrence ^ «>enaUon and 

{0061} Moreover with the quality inspection method used during tube expansion described in Claim 
2^ m addition to the merits of the quality inspection method described in S i fStl me™ 
that the de^ee of quality aberration can be determined simultaneous to the quTty abSSion^^thi 
^pection device itself fixed at a determined location, without requiring fte UTSlve 
devices or irradiation devices for quality inspection 4 mng me use oi special drive 

f !L?i "^"^'^ inspection method used during tube expansion described in Claim 

S J« expansion mandrel becomes increasingly distant fitim the AE sensor 

pn»videdthatincreasesthereliabi(i.y%jSZSS:ti^^ ^^'^ ^ 

{Bnet Descnption of the Figures} 
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AE sensor (b) is the waveform diagram of the output signal from the absolute value processor and (c) 
IS the wavefomi diagram oftheouqjut signal from the comparative processor 
{Figure 4) Diagram giving a schematic presentation of the signal wavefomis for each of the 
processors for Figure 2(d). where (a) is the waveform diagram of the outputTgnaTfS^. ftj ^ 
sensor, (b) « the waveform diagram of the output signal from the absolute v5ue pScessor and (c)t 
the waveform diagram ofthe output signal fiDm the envelope detector fanavc;is 

iSrJ ^ ' ^^"^^ ^'^'^^ ^''^'^ ''^ ' processing system other than that of the 

steel nibe quality mspection device presented in Figure 2(a)-(d) 

{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processor, for the steel tube quality inspection device shown in Figure 5. where (a) i^L vSvSb™ 
^ ofthe output signal from the AE sensor, (b) is the wavef^ <iagr^ ^f tie outJut'S 
^lo^ *St?; """"" of^m signaffioS 

Si;;fpfr« 

i^Z^! Waveform diagrams for the various processors when cracking occurs during actual tube 
expansion of a steel tube, where (a) is the output waveform diagram from L absdute^u^D^^^^^ 
amphfication processor and (b) is the output waveform diagr^m^ the coi^^ti^^^ 



{Key} 

10 AE sensor 

20 Tube expansion mandrel 

30 Long tube 

30a, 30b, 30c,.. Steel tubes 

31a, 3 lb... Weld regions 

100 Quality inspection device unit 

101 Absolute value processor 

102 Aberration decision standard value setting part 

103 Comparative processor 
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(54) {Title of the Invention} Quality Inspection Method for Use During Tube Expansion 

(57) {Summary} 
{Problem} 

l^rt^V^"^ inaction method for expanded tubes whereby the occurrence of quality aberration 

wh5!h fT^ determined at the time of expansion of the steel tube, and 

whereby remote observation is possible. * 

i^I'lt? ^ ^ J"' ^^'"^"^ ^^^^^^ ^"^g ^be expansion occurring as a 

tabe expansion mandrel 20 moves through.the interior of a steel tube 30, is situated against the steel 

amph^^^^ or the taie over which the increase in AE sensor signal ampUtude occurs is detected S 
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[see source for diagram] 



{Scope of Patent Claims} 

{Claim 1} A quality inspection method for use during tube expansion, characterized in that an AE 
sensor for detecting vibrations in a steel tube during tube expansion of said steel tube is situated 
against the steel tube, and when tube expansion occurs as a tube expansion mandrel moves through 
the interior of the steel tube, increases in the AE sensor signal amplitude, the number of increases in 
the AE sensor signal amplitude or the time over which the increase in AE sensor signal amplitude 
occurs is detected, and the occurroice of quality abenation in the aforementioned steel tube is 
detennined on the basis of the detected signals. 

{Claim 2} The quality inspection method for use during tube expansion according to Claim 1, 
characterized in that the degree of the quality aberration in the steel tube is determined based on the' 
magnitude of the AE sensor signal an5)litude, the number of increases in AE sensor signal anq)litude 
or Ae time of increase in AE soisor signal anq)litude. 

{Claim 3} The quality inspection method for use during tube expansion described in Claim I or 2, 
characterized in that the AE sensor signal that is detected during tube expansion is an^lified as a tube 
expansion mandrel moves through the interior of a steel tube, and the level of the aforementioned 
amplification is increased in accordance with a continual decrease in AE sensor signal amplitude, or 
die level of the aforementioned amplification is decreased in accordance with a continual increase in 
AE sensor an^litude. 
{Detailed Description of the Invention} 
{0001} 

{Technological Field of the Invention} The present invention relates to a quality inspection method 
used during tube expansion, hi particular, the invention is a quality inspection method used during 
tube expansion that is appropriate for inspecting quality aberrations such as cracking or pinholes 
generated in the joints of long steel tubes, etc., during the en)ansion of steel tubes 
{0002} 

{Prior Art} In the past, the tube expansion of long tubes formed from steel has been carried out using 
tube expansion mandrels. As shown in Figure 1, this process involves the insertion of a tube 
expansion mandrel 20 into one of the open ends of a long tube 3D, applying a specified weight P in 
order to insert the tube expansion mandrel 20 into the long tube 30, and pushing the mandrel across 
the mner wall of the long tube 30 towards the other end, thus performing tube expansion. 
{0003} However, there are cases where quality aberrations such as cracks are produced in steel tubes 
dunng the tube expansion process, hi particular, with tube expansion in steel tubes having mechanical 
jomts or welded regions produced by welding or diffiision welding, quality aberrations readily occur 
m welded regions. In order to detect these quality aberrations, non^lestructive inspections have been 
traditionaUy carried out For example, ultrasonic defect diagnostic methods have been used wherein 
ultosound is made to impinge upon the body to be inspected, and internal defects are found based on 
differences m reflected waves at end surfaces and defect surfeccs. In addition, x-ray defect diagnostic 
methods have been used in which x-rays are made to in^inge upon the body to be inspected, and the 
transmitted radiation is then used to sensitize fihn, so that the defects can be detected from the 
photosensitive rniage thereupon. 

{0004} However, in carrying out these inspection methods, there is the problem that at least part of 
the detection device must be positioned in the region that is to be inspected, and this creates problems 
that are exacerbated as die length of the tube increases. In addition, there is the problem these 
inspection methods cannot be carried out on-site during the tube expansion operation, so they must be 
earned out after completion of tube expansion, at least in the region that is to be inspected. 
Specifically, with conventional inspection methods, inspection must be carried out with at least part of 
fee nation device located in fee region to be inspected after completion of tube expansion 
{0005} On the other hand, when installing oil well pipes for drawing oil. etc., out of the ground 
technologies are known in which tube expansion is carried out by inserting a steel tube with a 
con^aiauvely small diameter into the ground, and feen inserting a tube expansion mandrel, etc using 
high downward compressive force, which feereby reduces equipment installation costs. In orfcr to 
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inspect expanded steel tubes using this conventional method, it is difficult to siniate the inspection 
device at the outer wall surface of the steel tube, and is also difficult to move the inspection device in 
the lengthwise direction along the outer wall of the steel tube because the tube has been laid 
underground. Consequently, it has been necessaiy to inspect the tube by moving the inspection device 
long the interior of the steel tube. However, the tube diameter is small even after tube expansion, and 
the total length of the tube can be as long as several kilometers, so there have been extremely difficult 
problems with quality aberration inspection over the entire length of a steel mbe using conventional 
methods. 
{0006} 

{Problems to be Solved by the Invention} The problem to be solved by the present invention is that of 
offenng a quality inspection method used at the time of tube expansion, whereby quality aberrations in 
steel tubes can be evaluated wi& die inspection device in a stationary condition during the tube 
expansion process for the steel tube, whereby an occurrence or degree of<quaHty aberration can be 
deteimined at a site that is removed from the quaUty inspection device, and whereby quality 
aberrations in said steel tube can be detected almost simultaneous to their occurrence 
{0007} 

{Means for Solving the Problems} The gist of the present invention used in order to solve these 
problems relates to a quality inspection method used during tube expansion vdierein an AE sensor for 
detectmg vibrations m a steel tube during tube ejqjansion of said steel tube is situated against the steel 
tube, and when mbe expansion occurs as a tube e;q>ansion mandrel moves through the interior of the 
steel tube, mcreases in the AE sensor signal ampUtude, the number of increases in the AE sensor 
signal amplitude, or the time over which the increase in AE sensor signal an^litude occurs is detected, 
and the occurrence of quality aberration in the aforementioned steel tube is determined on the basis of 
the detected signals. 

{0008} By means of the quality inspection method used during tube expansion pertaining to the 
present mvenrion carried out in this manuCT, vibrations arising on the interior of a steel tube taid on Ae 
surface of a steel tube during tube expansion occurring as a tube expansira mandrel passes through 
the mtenor of a steel tube are detected by an AE sensor situated on the steel tube, and quality 
abenatioii is judged to have occurred when an increase amplitude of die aforementioned AE sensor 
signal is detected, when the number of increases in ampUtude of die aforementioned AE sensor signal 
reaches a predetetmmed number, or when die time over which die increase in amplitude of die 
aforementioned AE sensor signal occurs is longer dian a predetemiined time 

{0009} In addition, as widi die invention described in Claim 2, when die degree of quality aberration 
of die aforementioned steel tube is to be judged based on die magnitude of die increase in AE sensor 
si^al amplitude, die number of increases of AE sensor signal amplitude, or die time of die increase in 
AE sensor signal amplitude, detected at die time when die aforementioned quality aberration is 
determmed, die degree of die quaUty aberration of die aforementioned steel tube can be deteimined 
based on die magnitude of die aforementioned AE sensor signal ampliftide. die number of increases in 
die aforementioned AE sensor signal ampUbide, or time over which the amplitaide of die AE sensor 
signal has mcreased. 

{0010} In addition, as pertains to die invention of Claim 3, die AE sensor signal detected during tube 
expansion is amplified at die time of toibe expansion as die bibe expansion mandrel moves long die 
mtenor of die steel tube, and die degree of die aforementioned amplification is increased along >^di a 
continual decrease m AE sensor signal ampUtaide, or die degree of the aforementioned amplification is 
decreased m accordance widi a continual increase in AE sensor anq)litude. 

(001 1 } Widi die quality inspection mediod used during hibe expansion described in Claim 3 of die 
present mvention carried out in diis mamier, die AE sensor signal detected during toibe expansion as 
die ttibe expansion mandrel moves along die interior of die steel tiibe is amplified, and as fte damping 
T f^""^*^ ^^^"^ taibe as diey are conducted to die AE sensor increases, die degree of die 
rfor«nentioned amphfication is increased, or as die aforementioned damping decreases. dieTgree of 
fte aforeinentaoned amphfication is decreased. By diis means, damping occmring wid. transmisSon of 
the vibrations generated by tube expansion to die AE sensor is compensated for, and quality 
inspecuon IS earned out based on said corrected AE sensor signal. 
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{0012} Employing the change in degree of amplification in accordance with a continual increase or 
continual decrease in output amplitude from the AE sensor means that the change in tube expansion 
an^litude in a region in which the output amplitude of the relatively stable AE sensor changes 
continually is taken as a reference. For example, this means that the aforementioned anq>lification 
level is not made to foUow discontinuous change in amplitude, as with changes in A£ sensor signal 
an5)Utudc produced during the occurrence of aberration. By excluding these regions of discontinuous 
change m this manner, correction is carried out based on the change in AE sensor signal amplimde. so 
that even if the AE signal an^litude increases or decreases over time during the observation period 
over vdiich quality aberrations, etc. are generated, the attenuation can be appropriately corrected for 
without erroneous correction. 
{0013} 

(Embodiments of the Invention} Desirable embodiments of the present invention are described in 
detail below m reference to the figures. Figure 1 is a. schematic constitational diagram used for 
schematically presenting the quality inspection method used during tube expansion of steel tubes 
pertainmg to the present invention. A long tube 30 is shown in cross section. Said long tube 30 is a 
tube produced by welding relatively short steel tubes 3Ga, 30b, 30c... at weld regions 31a, 31b.- In the 
figure, only three steel tubes are shown, but these tubes continue downwards. 
{0014} The tube expansion mandrel 20 has a cylindrical part and a tapered part as shown in the 
figures, and a load P is applied fix>m behind (upwards in the figure). As the mandrel travels forward 
(downwards m the figure), the interior wall of the long tube is pressed outwards in a radial direction 
due to the aforementioned tapered part, thus expanding the aforementioned long tube 30 The AE 
sensor 10 is situated in contact with the outer wall of the long tube, and the vibrations at said outer 
surface are converted into signals as the aforementioned tube expansion is taking place. Said signals 
are ouq)ut to an inq)ection device main unit 100 to which it is connected. 

{0015} Figure 2 is a control block diagram showing an example of the signal processing structure in 
the quahty inspection device implemented in the presem invention. In the quality inspection device 
nam umt 100 shown in (a), the AE sensor 10 is connected to an absolute value processor 101, and the 
absolute value processor 101 is connected to a comparative processor 103. An aberration decision 
standard value setting part 102 is also connected with the conqmative proce&or 103, and the 
con^arative processor 103 is connected to a notification means 110. 

{0016} The aforementioned absolute value processor 101 removes the direct current component of the 

ou^ut signal from the AE sensor 10, and outputs signals that have been converted into absolute 

values. The aforementioned aberration decision standard value setting part 102 is the part where the 

aberration decision standard value Thl is set, which is the threshold value for determining the size of 

the signal amphtude firom the AE sensor 10. The aberration decision standard value Thl should be set 

at a v^ue that is between the AE sensor signal amplitude when tube expansion is occumng without 

aberration, and die AE sensor signal anqjUtude when quality aberrations occur. 

{0017} For example, the operator uses a standard value setting knob that is provided in order to set 

the aberration decision standard value obtained experimentally beforehand in accordance with the type 

of steel tube that is the subject of tube expansion. In this case, the value is automatically set to a value 

detenmned by multiplying the AE sensor signal amplitude As at time ts in the initial stage in which 

T, occurring in said long tube 30 by a constant k. that has been 

determmed beforehand (where ki > 1). i i«» uwu 

{0018} The aforementioned comparative processor 103 compares the signal input from the absolute 
value |»ocessor 101 wifli the aforementioned aberration decision standard value Thl, and when the 
signal from the absolute value processor 101 exceeds the aberration decision standard value Thl a 
high-value graeration signal is oiOpuL When die aforementioned high value generation signal is in|;ut 
mto die notification means 110. a quality aberration is judged to have occurred, and an bdfication of 
this occurrence is sent to the operator by a tone or display. 

{0019} hi tibis manner, when quality inspection is to be carried out by the quaUty inspection device 
SZS™ * co^tituted m the mamier shown in (a), die direct current component is Sen from the 
signal from die AE sensor 10 , and is rectified to obtain an amplitude. When die signal amplitude from 
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the AE sensor 10 exceeds the abenation decision standard value, a notification is made reeardine the 
occurrence of aberration. ^ 

{0020} The quality inspection device unit 100 shown in (b). as can be seen fiom the figure has a 
pulse countmg processor 104 between the notification means 110 and the comparative processor 103 
consututing the quality inspection device shown in (a) above. The pulse counting processor 104 is 
connected to the comparative processor 103 and the notification means 110. The number of the 
aforementioned high value generation signals received fiom the comparative processor 103 is 
calculated, and when this number reaches or suipasses the number that has been previously set, a 
qu^ity aberration occurrence signal is output. In this case, a quality abenation occurrence signal is 
output when the number of occunences of high value generation signals is 2 or greater 
{0021 } Consequendy, when quality inspection is carried out with a quality inspection device unit 100 
constituted as indicated in (b). the signal from the AE sensor 10 is removed and rectified, and its 
amplitude is obtamed. When the signal amplitude fix)m the AE sensor 10 exceeds the aberration 
JS^^r/^J? T °o*ifi"tion of an occurrence of quaUty aberration is made. 

{0022} In addition, m this case, the pulse counting processor 104 transmits the number of high value 
generation signak to the notification means 110 in addition to the aforementioned quality action 
generation sigiml. TTie notification means 110 should be constituted in such a manner that notification 
LZV '^^^"'l*^ occuirence of quality aberration, and the degree of quality aberration in 
accorfance with the number of high value generation signals. For example, the device may be 
con^tuted so that the number of high value generations itself is made known, but in this case 
rSfi t- • '° '^'^ of aberration is made when the number is 2 o; 

K "moderate" is made when the number is 4 or 5. and notification indicating 
nigh IS made when the number is 6 or greater. 
Knr?n7T^? insp^tion device unit 100 shown in (c) is expanded upon by adding a peak 

^Slelr i n, T t^^ "'r*'*'" '^'^'^ P'"''""^ ^ 0"«P"t fio™ the absolute vdue 
,h ^ comparative processor 103 is input into the peak value detector 

iSaHs ^itout^ to the notification means 110. When the aforementioned hiS value generation 
tl ^ J ^ the aforementioned comparative processor 103. the peak value detector 107 
retoms the peak value of the output of die absolute value processor 101 at tWs tfanb. and outputs Ate 
value to the aforementioned notification means 110. ^ 

EenlJlL*" "« reports the degree of quality aberration based on the 

^TZTjf t f °f 'l^^ty aberration. For example, 

'wr^!^^ "f *f. P/"^ '"^^ ^ '^'^^ » this case, notification of a "high" 

KIS^ quality inspection is carried out using the quality inspection device unit 100 constituted 
S^n^n. h1?' f»gnal from the AE sensor 10 is rectified after removing the direct current 
St d^ amplitude ^ obtained. When the signal amplitude of the AE s4or 10 ex^^e 
ab«rado„ d^ision standard A^ue Thl . sound or display is used in order to present an indicationof^ 
occurrence of aberrabon and the degree of quality aberration based on the p«k value of the AE s^ 
signal amplitude at the time of occurrence of said quaUty abenation 

{0026} The quality inspection device unit 100 shown in (d) is a unit in which an envelope detector 
106 IS also mcluded between the absolute value processor 101 and the comparative^Sor 103 b 
S^^'ih "^"""l^^ P^ted in (a), and a pulse width discrimJZtor lol'JS JC^^ 
1^6 oZrr aiid the notification means 110. Tlie aforementioned S^d^e 

tff^Sni r ^"'"'"'f^ maximum values of die output signals of 

&e absolute value processor 101. and this is transmitted to the comparative procesL iSl^e 
o^ij^^ve ^sor 103 outputs a Wgh value generation signal to the notiStiSre^S 110 i 
t ut ™ 1h* nX Sth tr *™ -f°-n»tioned abenation decision staniS 

STenl oTtrfc^ I"* ^ ^'^""tion occun^ce and 

th!?™ f?J ^ aforementioned high value generation to the notification means 110 when 

the dme of the aforementioned high value generation signal is longer than a deten^S^^e plri^ 
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{0027} Thus, the notification means 110 perfonns notification of a quality abeiration occuirence and 
degree of quality abeiration based on the length of the aforementioned high value generation signal. 
For example, notification may be made as to the length of the aforementioned high value generation 
signal itself, but in this case, notification is made as to the results of determination based on "high", 
"moderate" or "low" in regard to the degree of aberration determined based on the length of the 
aforementioned high value generation signal period. 

{0028} When quality inspection is canied out with the quality inspection device unit 100 constituted 
as shown in (d), Ac direct current component is removed fi;om the AE sensor 100 signal, and the time 
for which the envelope intensity of the rectified signal exceeds the aberration decision standard value 
is c^culated. If said time is longer than die determined time peiiod, flien sound or display is used in 
order to make a notification regarding quality aberration and the degree of quality aberration 
determined based on the time that the envelope intensity exceeded the abeiration decision standard 
value Thl. ^ 
{0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the 
processors is shown in common for Figure 2a, 2b and 2c. Specifically, Figure 3 shows the wavefoims 
ouq)uts at each part of the quality inspection device unit 100 when a quality abeiration has occurred at 
the connection 31b during tube expansion, for the quality inspection system shown in Figure 1 
wbereas (a) shows the ou^jut signal for the AE sensor 10, (b) shows the output signal for the absolute 
value processor 101, and (c) shows the output value for die conqjarative processor 103. 
{0030} The waveform shown in (a) will be described in sequence. When the tube expansion process 
IS minated with advancement of the tube expansion mandrel 20 at time to, vibrations are generated via 
acoustic emission (AE) arising due to plastic defoimation, etc., occurring with tube expansion and 
vibrations are generated due to fiiction between the long tube 30 and the tube expansion mandrel 10 
as advancement occurs (these vibrations are referred to in combination as "tube expansion 
vibrations"). When there is no aberration in quality, the tube expansion vibrations give a 
comparatively weak elastic wave. Consequently, for the period extending fixnn time to to time t, 
dunng tube expansion of the steel tube 30a. a signal waveform having a comparatively small 
an^litude is output by the AE sensor 10. 

{0031} Next, during the period bom time t, to time tj in which mbe expansion of the weld 31a 
occurs, said weld region 31a has been welded by mechanical joining, difiiision welding or welding so 
Its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expansion 
mandrel 20 slows, and the aforementioned tube expansion vibrations give vibrations of even weaker 
miphtude. At this time, the AE sensor 10 outputs a signal wavefoim for vibrations that are smaller 
bom time to to time t,. During the time from tj to tj in which the steel tube 30b expands, the AE 
^sor 10 outputs a signal wavefoim with a comparatively weak amplitude as with the tunc period 
nom time to to ti described above. 

{0032} Wien there is a crack generated during tube expansion of the connection 31b, the energy 
emanates from the crack, and an elastic wave with a comparatively large amplitude is produced The 
tube expansion vibrabons that include said elastic waves are detected by the AE sensor 10 and during 
ttie penod from time tj to time t4, a signal wavefoim with a comparatively large ampUtude is output 
SubsequenUy. as shown in the figure, the AE sensor 10 outputs a signal wavefoim that h^ a 
comparatively smaU amplitaide from time to time t, during tube expansion of the steel tube 31c as 
diown m the figure. Then a signal wavefoim with an even smaller ampUtude is output from time t* to 
time t6 dunng expansion of the next weld region thereof not shown in the figure. 
{0033} Meanwhile, the output wavefoim from the absohite value processor 101 is the absolute value 
conversion dctermmed after removing the direct current component of the AE sensor output shown in 
(a), thus producing the waveform shown in (b). hi addition, the comparative processor 103 compares 
the output signal from the aforementioned absolute value processor 101 with the abeiration dedsion 
standard value THl set as described above, and a "Hi" signal is output when the value is larger than 
said stoidard value THl. whereas a «Lo" signal is output when said value is smaller than said 
standara value. 

{0034} Consequently, when the output signal of the absolute value processor 101 shown in (b) is 
mput. the comparative processor 103 outputs the waveform shown in (c). During the time from time to 
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to time ta, the output remains "Lo" because there is no input from the absolute value processor 101 
that is higher than the aforementioned aberration decision standard value THl. Next, because a crack 
is generated in the time period from time h to I4, a signal having an amplimde that is larger than the 
aforementioned aberration decision standard value TH, as shown in (b) is input, and pulses PI to P3 
are ourpxxt during the time period from time tj to t4 in (c). Subsequently, there is no output that is larger 
than die aforementioned standard value THl during the time period from time 14 to t6, and so the value 
remains "Lo". 

{0035} With the respective quality inspection device units 100 having the constitutions described in 
(a>(c)of Figure 2, the following types of processes are carried out based on the output signals shown 
in (aXc) of Figure 3. With the quality inspection device unit 100 shown in Figure 2(a), a "Hi" pulse is 
output torn the con^jarative processor 103, and an abeiration generation signal is ou^ut to the 
notification device 110, so that notification of an occurrence of an aberration is made by the 
notification means 1 10. ^ 

{0036} With the quality inspection device unit 100 shown in Figure 2(b), the number of pulses output 
from the comparative processor 103 is 3, and because tiiis corresponds to 2 or more occurrences, 
notification is made regarding an indication of quality aberration, in addition, notification is also made 
regarding the degree of quality abenration corresponding to a pulse number of three for the high value 
signals. 

{0037} In the quality inspection device unit 100 shown in Figure 2(c), the peak value detector 107 
produces three outputs of "Hi" signals fix>m the comparative processor 103, and so peak values PKl 
through PK3 of the absolute value processor 101 output are detected during tfie pulse generation time. 
Consequently, an aberration occurrence signal and signals representing the peak values PKl to PK3 
are sent to the notification means 110. The notification means 110 then makes notification, via sound 
or display, of the occurrence of quality aberration, and the degree of the quaUty abenation 
corresponding to the aforementioned peak values PKl through PK3. 

{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for 
each of the processors in Figure 2(d). Figure 4, specifically, represents the waveform output at each of 
the parts of the quality inspection device unit 100 when there is a quality aberration at the connection 
31b dunng tube expansion carried out by the quality inspection system presented fa Figure 1, whereas 
(a) represents the output signal of the AE sensor 10. v/hm this waveform is similar to that if Figure 
3(a). Here, (b) represents the output signal of the absolute value processor 101, where this waveform 
IS similar to that of Figure 3(b), and (c) represents the output waveforai of the envelope detector 106. 
{0039} The quality inspection device unit 100 having the constitution of (d) in Figure 2 detects 
quahty aberration in the following manner based on the signals presented in Figure 4. The variation in 
envelope intensity is determined by the pulse width determination part 108 and the comparative 
processor 103, and when the time during which said envelope intensity is greater than the 
aforementioned aberration decision standard value Thl (time over which the comparative processor 
103 ou^uts the aforementioned high value generation signal; represented by T in the figure) is longer 
tfom the predetennined time, an aberration generation signal and a signal that transmits the 
aforementioned tmie T is sent to the notification means 110. The notification means 110 then makes a 
notification, via sound or display, as to the occurrence of quality aberration, and the degree of quality 
aberration corresponding to the aforementioned time period T. 

{0040} Figure 5 is a control block diagram showing a processing system example that is different 
fiom the steel tube quahty inspection device presented in Figures 2(a)^d). The AE sensor 10 is 
attached to the aforementioned long tube 30, and surfece vibrations from the long tube 30 are 
converted to signals that are output The absolute value processor 101 removes the direct current 
component of the AE sensor 10 output signal, and outputs the absolute value of the resulting signal to 
the an^bfication processor 105 and envelope detector 106. 

{0041} The ampUfication processor 105 is the part that amplifies the absolute value processor 101 
ou^ut, and m order to conect for attenuation of the elastic waves reaching the AE sensor at this time 
said level of ampUfication is made such that it is inversely proportional to said envelope intensity at 
any give tune t, based on the output of the envelope detector 106. Consequently the level of 
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amplification at inspection time ts is set at As/At using, as reference, the intensity As of flie envelope 
at time ts during the initial tube e;q)ansion period. 

{0042} The envelope detector 106 outputs a signal produced by canying out specified processing on 
the envelope that links each maximum of the ou^ut signals from the absolute value processor 101, 
and this signal is transmitted to the amplification processor 105. As described in detaU below, when 
no aberrations are being generated during hibe expansion of the main steel tube bodies 30a, 30b, 
30c~, the envelope is processed taking the anq)litude of the AE sensor output as an index of the 
aforementioned amplification level connection. The result is ou^ut to the an:q>lification processor 105. 
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration 
decision standard value Th2 is set, which is the threshold vahje for determining the magnitude of the 
output signal amplitudes fix)m the an5)lification processor 105. The aberration decision standard value 
setting part 102 automatically is set to a value found by multiplying the anq>litude As of the output 
fiom the envelope detector 106 at time ts during die initial period of the tube e;q>ansion process of 
said long tube 30 by a predetermined constant k2 (yvhere k2 > 1). 

{0044} The aforementioned comparative processor 103 con^ares the signal input fiom the 
anq)lification processor 105 with the aforementioned aberration decision standard value Th2, and 
ouqjuts a high value generation signal when the signal of the an^lification prtxessor 105 is greater 
ftan the abcnration decision standard value Th2. The notification means 110 notifies the operator via 
sound or display as to the occurrence of quality abeiration wh« the afoiwnoitioned hid) value 
generation signal has been ii^ut 

{0045} Figure 6 and Figure 7 are waveform diagrams that give a schematic presentation of the ou^uts 
of each of the constitaitive processors shown in Figure 5. Specifically, the figures are output waveform 
diagrams for each of the constitutive processors shown in Figure 5 when cracks occur in the 
connection 32b along with tube expansion of a long tube 30 having the constituticm shown in Figure 

{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations fiom the long 
tobe mto signals by the AE sensor 10. This waveform is the same as the waveform shown in Figure 
3(a) and vanes smularly. Specifically, an anq)litude signal that U con^jaratively small is ouq)ut fiom 
tune to to tune t, as tube expansion of the steel tube 30a is occurring, whereas'ari amplitude signal 
waveform that is smaller than the waveform from time to to time t, is output over the time period fiom 
time t| to tune tj during which tube expansion of flie weld region 31a occurs. 
{0047} Subsequently, over the time period fi-om time tj to time tj during which tube expansion of the 
steel tube 30b occurs, the AE sensor 10 ouq)uts a signal waveform with an anmlitude that is 
comparatively weak, as with the waveform output over the time period fiom to to t, above. During the 
penod fiom time tj to U during which cracking occurs during hibe expansion in the connection 31b a 
signal waveform with a comparatively large amplitude is output SubsequenUy. a signal wavefom 
with a comparatively small amplihide is output over the period from time to t, during which tube 
expansion of the tube 30c occurs. A signal waveform with a smaU ampUtude is again output over the 
tune penod from tone t, to ts during which the subsequent weld region is undergoing tube expansion 
(not shown m the figure). o r 

{0048} The wavefonn shown in Figure 6(b) is the output signal fiom the absolute value processor 
101, and results fiom removing the direct current component of the output signal fiom the AE sensor 
10, and perfonmng absolute value conversion. The wavefonn represented by the soHd line in Figure 
6(c) IS the output signal fiom the envelope detector 106, and is produced as a result of piocessing the 

^^^"^""^ ''^"^ processor 101 in the manner described below. 
{0049} Specifically, the periods fiom time t, to time tj. time t, to time t*. and time t, to time t^, are 
tames when tube expansion is occurring in weld regions 31a, 31b. 31c^ of the long tube, or times 
when aberrations are occuning. The envelopes for these times produce the wavefonns i««esented by 
Bie broken Imes m Figure 6(c). but the wavefonns represented by said broken lines are not output in 
ft ^fPenods. Rather, values interpolated from the change in envelope intensity at a time before, 
after, or before and after (represented by the solid lines in the figure) are outpm as the envelop^ 
intensity At for said time points. 
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted 
value determined from the change in the envelope using the aforementioned standard exceeds a 
predetermined range, said predicted value is used instead of said actual value. Thus, the envelope 
intensities during tube expansion in the weld regions and during quality aberration will be far outside 
the values predicted from the transition of the envelope intensity during tube expansion of the main 
body of the steel tube, and so the aforementioned predicted values are used instead of the envelope 
intensity at these times. 

{0051} Figure 7(a) shows the output signal from the anq)Ufication processor 105. With regard to the 
ou^uty the amplification processor 105 anq>lifies the signal shown in Figure 6(b) that is output by the 
absolute value processor 101 by a degree of anq)lification that is inversely proportional to the intensity 
of the envelope detector output represented by the solid line in Figure 6(c) in order to correct for 
damping of the elastic waves reaching the AE sensor. As is seen in the figure, the degree of 
amplification of the signal from the absolute value processor 101 is increased by the amplification 
processor 105 in accordance with the distance of the AE sensor bom the site of tube expansion. An 
output is thus made after correcting for damping of the elastic waves produced by tube expansion. 
{0052} Figure 7(b) shows the ou^ut signal from the conq}arative processor 103. The comparative 
processor 103 outputs a "Hi" signal when the output of the amplification processor exceeds the 
aforementioned aberration decision standard value Th2, and thus ou^uts pulse signals PI to P3 
which are high value generation signals during the period from time t3 to t4. The notification means 
110 receives said high value generation signals, and uses sound or display to make a notification as to 
the occuirence of quality aberration. 

{0053} In addition, a pulse counting processor is provided between the aforementioned con^)arative 
circuit part 103 [sic] and the aforementioned notification means 110, whereby the number of the 
aforementioned high value generation signals fit)m the conqjarative processor 103 is counted. This 
number is then transmitted to the notification means 110. The notification means 110, thus renders 
notification regarding the occuirence of quality aberration and the degree of quality aberration based 
on the number of the high value generation signals. 

{0054} Meanwhile, a peak value detector is provided that detects the maximum value for the 
amplification circuit output immediately after the point when the high value generation signal is 
output from the aforementioned comparative circuit 103. The notification means 110 thus renders 
notification as to the occurrence of quality aberration, and the degree of quality aberration based on 
the magnitude of said peak value. 

{0055} Figure 8 is an output wavefonn diagram for each of the processors when cracking occurs 
during actual tube expansion of the steel tube. Specifically, the figure is an output waveform diagram 
when quahty inspection is actually being carried out according to the present invention using the 
configuration described in Figure 1 and Figure 2(a). In (a), the high-amplitude output waveforms 
occurring approximately at times t|, t2 and ta are generated due to the occurrence of cracking at these 
time points. 

{0056} As is clear from the figures, when the aforementioned aberration decision standard value Thl 
is set to 5x the value of the anplitude As of the AE sensor at time ts in the initial period of tube 
expansion using the aforementioned aberration decision standard value setting part 102, the 
con^arative processor 103, as shown in (b) generates pulse signals which are the aforementioned'high 
value generation signals, the first being close to time ti, the second being close to time tj and the third 
being close to time ty. Consequently, the notification means sends notification of abetiation 
occurrences at these time points t|, tj and ta. 

{0057} The present invention is not restricted by the embodiments described above, and various 
modifications are possible within a range that does not exceed the scope of the invention. For 
exan^le, it goes without saying that the steel tube that is the subject of inspection is not restricted to 
one that has weld regions. The site of attachment of the AE sensor is also not restricted to the side 
surface of the mbe, as the sensor may be attached at the end surface. In the embodiments described 
above, the tube expansion mandrel had a tapered region, but mandrels are not restricted to this type. 
For example, a tube ejq)ansion mandrel can be used that has expanding diameter rollers present on the 
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outer surface of the mandrel, so that the internal wall of the steel tube is pressed outwards in a radial 
direction by means of said expanding diameter rollers. 

{0058} On the other hand, regarding setting of the aforementioned aberration decision standard value* 
modes are not restricted to the process represented in the embodiment, and the value may be set to a 
value that is between the amplitude of the signal determined when normal tube expansion is occurring 
and the amphtude of the signal detennined when quality aberration occurs. In addition, in the 
aforementioned embodiment, processing performed by analog signal processors can be canied out by 
means of digital signal processing. For exanqjle, an A/D converter can be provided after the absolute 
value processor 101 or the amplification processor 105 so that their ou^uts are converted to digital 
signals, which are then subjected to digital signal processing for subsequent processes. 
{0059} 

{Effects of the Invention} By means of the quality inspection method used during tube expansion 
described in Claim 1 of the present invention, as tube e)q>ansion occurs \vith movement of the tube 
expansion mandrel, vibrations are generated at the site of tube expansion. When quality aberrations 
are generated in the steel tube, the AE sensor signal amplitude increases relative to the amplitude at 
previous and subsequent time points. By employing this increase, the invention has the merit of 
allowing determination regarding an occurrence of quality aberration as tube expansion occurs 
without installing special irradiation devices or drive devices for quality inspection. 
{0060} In addition, vibrations generated by tube e^ansion and by movement of the tube expansion 
device are transmitted through the steel tube to an AE sensor that is at a location distant from the site 
where tube expansion is occurring, so that it is possible to perform quality inspection during tube 
expansion with the inspection device itself fixed at a specific location. In addition, there is also the 
merit that quality inspection can be carried out as the long steel tube is undergoing expansion. 
Because the rate of transmission of said vibrations is extremely fast, when quality aberrations such as 
cracking occur during tube expansion, it is possible to detect the occurrence of quality aberration and 
the degree of quality aberration nearly simultaneous to its occurrence. 

{0061 } Moreover, with the quality inspection method used during tube expansion described in Claim 

2, in addition to the merits of the quality inspection method described in Claim 1, there is the merit 
that the degree of quality aberration can be detemiined simultaneous to the quality aberration with the 
inspection device itself fixed at a determined location, without requiring the use of special drive 
devices or irradiation devices for quaUty inspection. 

{0062} Moreover, with the quality inspection method used during tube expansion described in Claim 

3, flie degree of amplification of the AE sensor is increased in accordance with a continual decrease in 
AE sensor signal amplitude, or the degree of amplification of the AE sensor signal is decreased in 
accordance with a continual increase in AE sensor amphtude. By this means, damping of the elastic 
waves generated due to tube expansion occurring during the time it takes them to reach the AE sensor 
can be compensated for with high precision, so that it is possible to increase the reliability and 
accuracy of processing carried out using said AE sensor signal. 

{0063} For exaxnpk, as the tube expansion mandrel becomes increasingly distant fi-om the AE sensor, 
the decrease in AE sensor signal is compensated for, and dius even with long steel tubes, it is possible 
to determine the occurrence of quality aberration and the degree of quality aberration with a high level 
of accuracy. Moreover, because stable determination of the occurrence of quality aberration and the 
degree of quality aberration is possible with little fluctuation in AE sensor signal an^litude due to 
change in transmission distance, a quality inspection method for use during tube expansion is 
provided that increases the reliability of these determinations. 
{Brief Description of Ae Figures} 

{Figure 1} Schematic constitutional diagram that presents a summary of the quality inspection method 
during tube e3q)ansion of steel tubes pertaining to the present inventioiL 

{Figure 2} Control block diagram showing an example of the signal processing system for the steel 
tube quality inspection device used in the present invention. 

{Figure 3} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors of Figure 2(a), (b) and (c), where (a) is the wavefonn diagram of the output signal from the 
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AE sensor, (b) is the wavefoim diagram of the output signal from the absolute value processor and (c) 
is the waveform diagram of the output signal from the comparative processor. 
{Figure 4} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors for Figure 2(d), where (a) is the waveform diagram of the output signal from the AE 
sensor, (b) is the wavefomi diagram of the output signal from the absolute value processor and (c) is 
the waveform diagram of the output signal from the envelope detector. 

{Figure 5} Control block diagram showing an example of a processing system other than that of the 
steel tube quality inspection device presented in Figure 2(aH<*)- 

{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform 
diagram of the output signal from the AE sensor, (b) is the wavefomi diagram of the output signal 
from the absolute value processor and (c) is the wavefom diagram of the output signal from the 
envelope detector. ^ 
(Figure 7} Wavefoim diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveforai 
diagram of the ou^ut signal from the anqplification processor and (b) is the waveform diagram of the 
ou^ut signal from the conq>arative processor. 

{Figure 8} Waveform diagrams for the various processors when cracking occurs during actual tube 
expansion of a steel tube, where (a) is the ou^ut waveform diagram from tfie absolute value processor 
amplification processor and (b) is the output waveform diagram from the comparative processor. 

{Key} 
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